Background: Children with Autism Spectrum Disorder (ASD) frequently have feeding and eating difficulties as well as unusual responses to sensory stimuli. This can lead to significantly compromised occupational performance.
Background and Literature Review
Autism Spectrum Disorder (ASD) is a complex disorder with different levels of severity of symptoms. ASD is characterized by impairments in social interaction and communication, as well as by restricted, repetitive, and stereotyped patterns of behavior, interests, and activities (American Recent research, however, suggests that many children with ASD can be identified much earlier than this (Cangialose & Allen, 2014; Jeans, Santos, Laxman, McBride, & Dyer, 2013; Soares & Patel, 2012) . Early detection makes it possible for children with ASD to begin intervention programs as soon as possible, which may result in better outcomes. The CDC (2014) estimates that one in every 68 children has been identified with ASD.
In addition to the impairments described above, children with ASD have impaired occupational performance in several areas, including activities of daily living skills and instrumental activities of daily living (Kao, Kramer, Liljenquist, Tian, & Coster, 2012; Koenig & Rudney, 2010) . These children also frequently exhibit behaviors associated with sensory processing difficulties, which can manifest themselves in a variety of ways. Sensory processing refers to the way that sensory information (auditory, visual, vestibular, or proprioceptive stimuli) is received and interpreted in the cerebral cortex and brainstem for the purpose of enabling adaptive responses to the environment and allowing for engagement in meaningful activities and occupations (Johnson-Ecker & Parham, 2000) . Sensory processing disorders can have a profoundly negative impact on the child's ability to engage fully in all aspects of daily living, including the occupation of feeding and eating. To provide the most effective interventions for children with feeding and eating difficulties, researchers need more information about the association between sensory processing and occupational performance.
Feeding Problems in Children with Autism

Spectrum Disorder
Feeding problems are more prevalent in children with developmental disabilities than in neurotypical children (Provost, Crowe, Osbourn, McClain, & Skipper, 2010; Sharp et al., 2013) .
Children with ASD often display atypical and problematic behaviors around the activity of feeding and eating. Many of these children have idiosyncratic food preferences, restricted diets limited in variety, aversion to certain textures, and excessive mouthing of unusual or inedible objects (Hendy, Seiverling, Lukens, & Williams, 2013; Seiverling, Williams, & Sturmey, 2010) .
Additionally, children with ASD exhibit at least two of the following behaviors that can significantly interfere with mealtime eating behaviors: extreme attachment to routines and patterns and resistance to changes in routines, repetitive speech or movements, intense and restrictive interests and difficulty integrating sensory information, or strong seeking or avoiding behavior of sensory stimuli (APA, 2013).
Parents, clinicians, and caregivers of children with ASD frequently report feeding difficulties and unusual eating patterns, the majority of which are anecdotal accounts.
Children with ASD are almost twice as likely to experience feeding and eating difficulties (compared to neurotypical children), and children with ASD who exhibit these problems experience an average of three times as many problems simultaneously (Martins, Young, & Robson, 2008) .
Children with ASD exhibit more general eating problems than children without ASD, including refusing foods, the need for specific presentations of foods, specific utensils, limited textures, and eating a narrow variety of foods (Cermak, Curtin, & Bandini, 2010; Kuschner, Bennetto, & Silverman, 2005; Schreck & Williams, 2006) .
Sensory Processing and Eating Behaviors in
Children with ASD
Sensory processing difficulties and unusual responses to sensory stimuli may affect auditory, visual, tactile, movement, and oral sensory processing in children with ASD (O'Donnell, Deitz, Kartin, Nalty, & Dawson, 2012; van der Linde, Franzsen, Barnard-Ashton, 2013) . Difficulties processing and responding to sensory stimuli constantly challenges a child with sensory processing deficits and leads to impairments with monitoring and regulating the degree, intensity, and nature of sensory input in order to generate an appropriate response to incoming sensory information (Dunn, 1999) .
Despite widespread agreement in the literature that children with ASD have sensory processing disorders of some kind, and that unusual and maladaptive eating habits are common in this population, there is limited evidence regarding the specific association between sensory processing disturbances and maladaptive feeding and eating behaviors. A pilot study by Paterson and Peck (2011) provides preliminary data linking sensory processing difficulties and eating behaviors. Nadon, Ehrmann Feldman, Dunn, and Gisel (2011) found that children with tactile sensitivities and visual or auditory sensitivities presented with increased eating problems compared to children with typical sensory processing performance. Suarez, Nelson, and Curtis (2012) found that children who were more selective in the number of foods that they would eat had higher sensory over-responsivity, especially in the area of tactile sensitivity.
Although there is much information in the literature regarding the prevalence of sensory processing difficulties in children with ASD, more studies linking sensory processing to participation in meaningful occupations are needed. The nature of sensory processing difficulties in autism and the relationship to functional behavior and specific occupational performance tasks are poorly understood. While some support for the link between sensory processing and eating behaviors can be found in the current literature, gaps in the existing evidence make it difficult to know whether specific patterns of sensory processing difficulties exert an influence on feeding and eating for children with ASD. Understanding the association between distinct sensory subtypes and atypical or maladaptive mealtime behaviors of children with ASD provides clinicians with guidelines for the early identification of those children who may benefit from early sensory-based intervention.
The current study investigated sensory processing domains as predictors of feeding and eating behaviors in children with ASD. It sought to discover if there are specific areas (domains) of sensory processing that are more predictive of feeding and eating behaviors. Results provide evidence to inform practice regarding the association between sensory processing and eating behaviors in children with ASD. The findings also supply evidence-based data regarding potential target areas of intervention related to the sensory processing differences in children with ASD who have feeding challenges. Research questions included:
 Can sensory processing domains from the Short Sensory Profile (SSP) predict feeding and eating behaviors in children with ASD?
 What child characteristics are associated with feeding and eating behaviors?
Method
A cross-sectional secondary data analysis study design was used to quantitatively examine variables associated with the sensory processing of children with ASD and feeding and eating The study included a total of 171 children.
A convenience sampling method was used to obtain study subjects (participants were randomly selected if they met the inclusion criteria until the required number as indicated in the a-priori sample size calculation was reached). The majority of the participants were male (80.7%), 73.1% were identified as Caucasian/White, 20.5% as Black or African American, and 4.1% as Asian. Ages ranged from 2 to 14 years (M = 5.58, SD = 2.85). The most prevalent diagnoses (using the DSM-IV-TR) were pervasive developmental disorder/not otherwise specified (PDD-NOS) (48.5%) and autism-current/active state (45.6%). Other diagnoses included Asperger's Disorder (3.5%) and autism-residual (1.8%).
Instrumentation
The variables in this study were measured by selected items taken from the ATN forms and from the SSP (Dunn, 1999 The SSP (Dunn, 1999) is an abbreviated version of the Sensory Profile that consists of the items that demonstrate the highest discriminative power of atypical sensory processing. It is a 38-item questionnaire that uses a 5-point Likert scale and is completed by the child's caregiver. Seven domains (tactile sensitivity, taste/smell sensitivity, movement sensitivity, under-responsive/seeks sensation, auditory filtering, low energy/weak, and visual/auditory sensitivity) reflect how the child's nervous system responds to incoming sensory information. In addition, the Total Score (sum of the section scores) reflected the child's overall sensory processing ability. The SSP has been shown to be a valid tool for identifying sensory processing disorders in children with ASD (Dunn, 1999 Table 1 ). Table 2 shows the number of study participants with typical, probable, and definite differences on the SSP. 
Bivariate Analysis
Pearson product-moment correlation coefficients were computed to assess the linear relationship between the variables in this study. between difficulties in sensory processing in several areas and feeding behaviors (see Table 3 ). 
Multivariate Analysis
Multiple regression analysis was used to answer the following research question: Can sensory processing domains from the SSP predict feeding and eating behaviors in children with ASD?
The Taste/smell sensitivity (B =0.217, p < 0.001), low energy/weak (B = -0.058, p < .001), visual/auditory sensitivity (B = -0.061, p < .001), and the total score (B = 0.018, p = .024) were significantly associated with picky eater. These four variables account for 72.5% of the variance in the model. See Table 4 for the multivariate models predicting feeding and eating behaviors from the sensory domains.
Atypical sensory responses to taste and smell, visual and auditory stimuli, tactile sensitivities, low energy or weakness, and a higher combined Total Score of all sensory domains were predicative of feeding and eating behaviors as identified in this study. 
Discussion
The purpose of this study was to examine the relationship between sensory processing and feeding and eating behaviors in children with ASD.
Six out of eight of the sensory processing domain sections of the SSP were found to be significant predictors of feeding and eating behaviors in children with ASD. Only taste/smell sensitivity and the total score were predictors of problematic feeding and eating behaviors. Several sensory processing domains had an inversely proportional relationship with feeding and eating behaviors in the study sample; atypical performance in the areas of tactile sensitivity, visual/auditory sensitivity, and low/weak energy were predictors of more typical feeding and eating behaviors. This was a surprising finding, and it is in contrast to other studies that have linked sensory difficulties in multiple sensory domains with eating problems (Nadon et al., 2011; Suarez et al., 2012) . This may be due in part to the differences in the measures used to identify eating behaviors. Dunn (1999) asserts that the most important score on the SSP is the total score, as it provides the best indication of the child's overall sensory processing ability. This study supports Dunn's findings regarding the association between the total score and maladaptive feeding behaviors.
The association of sensory processing abilities and feeding and eating behaviors provides much needed evidence for therapists working with children with ASD who have sensory processing challenges and feeding problems. Understanding the relationship between the child's total sensory processing abilities (vs. specific areas of sensory processing) and feeding and eating behaviors has implications for targeted intervention planning. In addition, the results support previous research findings that children with ASD process sensory information differently from their neurotypical peers (Lane et al., 2010; Liu, 2013; O'Donnell et al., 2012; van der Linde et al., 2013) .
Limitations
Several limitations in this study must be noted. The study employed secondary data analysis and relied on information that was available to the researcher for the constructs of interest. A caregiver report tool was used to obtain information about the study subjects. It is unknown if the caregiver fully understood the questions or the terminology used in the questionnaires. Further, the small number of items on the SSP does not allow for detailed analysis of sensory threshold data (Lane et al., 2010) . A more extensive sensory processing assessment tool may have yielded more sensitive findings.
Another important limitation was the lack of a comprehensive, psychometrically sound tool to assess mealtime behaviors. Although feeding and eating problems are pervasive in children with ASD and the incidence is widely documented in the literature, a specific parent questionnaire addressing this area was not included in the ATN protocol for the subjects in the study sample. The researcher developed the measure used for Eating/Feeding Behaviors based on information available in the existing ATN protocol. Although the researcher conducted a multiple source review and received input from an expert panel, the measure was not formally tested for validity and reliability.
Therefore, data used in the current study may not have been sensitive enough to capture the full scope of mealtime behaviors.
Implications for Clinical Practice
The results of this study confirm that abnormal sensory processing is a pronounced problem in children with ASD. Difficulty with processing sensory information was both associated with and predictive of abnormal feeding and eating problems. Given the high prevalence of children with ASD who have significant occupational performance deficits associated with mealtime routines (Gale, Eikeseth, & Rudrud, 2011; Hendy et al., 2013; Suarez, Atchison, & Lagerwey, 2013) , the findings from this study support the need for early identification of and intervention for sensory processing problems with this population. A description of the distinct sensory processing patterns of the child with maladaptive feeding and eating behaviors provides clinicians with evidencebased guidelines to use in preclinical evaluation of feeding and eating concerns.
Implications for Research
Further research is needed to define more clearly the patterns of sensory processing in children with ASD as they relate to occupational performance, such as feeding and eating. Studies with large samples that yield statistical power, using the SSP as an initial screening tool, followed by an in-depth sensory processing assessment, may yield more precise information regarding the distinctive sensory processing patterns of children who present with mealtime problems. Using more detailed measures of feeding and eating behaviors that have been found to be prevalent among children with ASD may yield more specific associations between the individual sensory domains and specific mealtime behaviors. Further testing of the hypotheses will assist in more precise identification of sensory processing typologies and key child characteristics. The findings that result from future studies replicating this research with more precise measurement tools may differentiate peculiar mechanisms of sensory processing, providing much needed evidence for the development of interventions targeted to specific problem areas.
